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An aqueous barrier 
coating mixture is comprised 
of a non-elastomeric polymer 
present in said mixture at 
between about 0.25 to 28 % 
by weight; and a dispersed 
layered filler with an aspect 
ratio greater than 25, present 
in said mixture at between 
about 0.25 to about 10 % by 
weight, wherein the solids 
content of the mixture is 
less than about 29 %. In the 
dried coating, the polymer 
is present at a minimum of 
about 35 % by weight, and 
the dispersed layered filler is 
present at a minimum of at 
least 5 % by weight The filler 
in the dried coating imparts an 
effective aspect ratio greater 
than 25, preferably greater than 
50. This dried coating form 
provides a reduction in gas, 
vapor or chemical permeability 
greater than 5-fold that of the 
dried, unfilled polymer alone. 
Methods of coating substrates, 
which are rigid or flexible and 

elastomeric, to produce coated substrates, as well as free-standing films and membranes utilize these barrier coating mixtures. 
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AQUEOUS COATING COMPOSITION OF A POLYMER AND EXFOLIATED PLATELET FILLER 

Field of the Invention 

The present invention relates to novel barrier coating compositions, and 
5 particularly to coatings which have an enhanced reduction in gas, vapor and chemical 
permeability, and to methods of use thereof. 

Background of the Invention 

Barrier coatings which prevent, or reduce, contact of a selected substrate with 

a gas, vapor, chemical and/or aroma have been widely described, and such coatings 
10 are used in a variety of industries, e.g., the packaging industries, automobile 

industries, paint industries, tire industries etc. Some of these barrier mixtures or 

coatings have been proposed to contain plate-like structures to reduce permeability. 

See, for example, E. L. Cussler etal, J. Membrane Sri , , 38:161-174 (1988); W. J. 

Ward etal, J. Membrane Sci„ 55:173-180 (1991); U. S. Patent Nos. 4,528,235; 
15 4,536,425; 4,91 1,218; 4,960,639; 4,983,432; 5,091,467; and 5,049,609; and 

International patent application No. WO93/041 18, published March 4, 1993, among 

others. 

Despite the numerous disclosures of barrier coatings mixtures, most of the 
coatings useful in the industry which contain platelet type fillers are prepared by melt 
20 processing, in which solid polymer and solid filler are melted together and mixed at 

high shear rates. Such melt-processed coatings have 100% solids, and usually use less 
than about 3% by weight of the platelet fillers. Such coatings do not optimally reduce 
permeability. 

There remains a need in the art for additional barrier coating mixtures and 
25 coated articles with improved permeability characteristics useful in a variety of 
industries. 
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Summary of the Invention 

The present invention solves the problems of the prior art by providing an 
aqueous barrier coating composition which contains substantially dispersed exfoliated 
layered silicates in a non-elastomeric polymer. This coating, when dried, results in a 
5 barrier with a high effective aspect ratio, e.g., greater than 25 or greater than 50, and 
improved permeability characteristics, i.e., a greater increase in the reduction of 
permeability of the coating. Methods for coating articles with this coating mixture 
result in a dried coating with an effective aspect ratio greater than 50, and an increase 
of greater than 5-fold in the reduction of permeability of the coating in contrast to a 
10 coating formed of the unfilled polymer. 

In one aspect, the present invention provides an aqueous barrier coating 
mixture which contains, (a) a non-elastomeric polymer; (b) a dispersed exfoliated 
layered platelet-like filler having an aspect ratio greater than 25; and (c) at least one 
surfactant. The solids content of the mixture is less than about 29%, and preferably 
15 between about 5% and 17%. Preferably, in the barrier coating mixture, the polymer is 
present at between about 0.25 to about 28% in liquid form and greater than about 
35% by weight in the dried coating. The dispersed layered filler is present in the 
liquid coating mixture at between about 0.25% to about 10% by weight, and in the 
dried coating formed thereby, at greater than 5% by weight. The dried coating, in 
20 which the filler exhibits an effective aspect ratio of greater than about 25, and 

preferably greater than about 50, reduces the gas, vapor or chemical permeability 
greater than 5-fold that of the dried, unfilled polymer alone. 

In one preferred embodiment, a mixture of this invention contains a water 
soluble polymer, preferably poly(vinyl) alcohol (PVOH). The filler is desirably a 
25 phyllosilicate, such as mica or vermiculite. 

In another aspect, the invention provides a coating mixture which contains in 
its dried state between about 35% to about 95% by weight PVOH and between 5% to 
about 55% by weight of the filler and optionally a plasticizer other than water, which 
is present in a ratio of 1 .5 parts by weight PVOH to 1 part by weight plasticizer. 
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In a further aspect, the invention provides a coated article comprising a 
substrate having on its surface a dried barrier coating of the invention, the coating 
comprising a non-elastomeric polymer and greater than 2% by volume of the layered 
filler having an effective aspect ratio greater than 50. The coating, in which the filler 
preferably exhibits an effective aspect ratio of greater than about 50, reduces the gas, 
vapor or chemical permeation of the article by having a coating with the permeability 
reduced greater than 5-fold relative to an unfilled polymer coating. 

In yet a further aspect, the invention provides a film comprising a dried coating 
mixture of the invention, containing a polymer and greater than 2% by volume of a 
layered filler having an effective aspect ratio greater than 50, wherein the film is 
characterized by a reduction in gas, vapor or chemical permeability greater than 5-fold 
the permeability of a film formed of the polymer alone. 

In still a further aspect, the invention provides a method for reducing the gas, 
vapor or chemical permeability of an article or substrate, which method comprises 
coating the substrate with the barrier coating mixture described above, and drying the 
coating mixture on the substrate, wherein the coating provides an increase of greater 
than 5-fold in the reduction of permeability of the coating relative to a coating formed 
of the unfilled polymer. 

Other aspects and advantages of the present invention are described in the 
detailed description below and in the claims. 

Brief Description of the Drawings 

Fig. 1 is a "Cussler" model graph indicating the effective aspect ratios achieved 
by compositions of this invention. The graph plots reduction of permeability vs. 
volume percentages of filler in barrier coating mixtures of the present invention. 
Cussler describes several models for the permeability reduction due to oriented 
layered fillers, which depend on the microstructure expected. For simplicity, this 
invention employs the equation: P^P = [1 + (a 2 X 2 )/(l-X)]/(l-X), where P is the 
permeability of the filled material, P tt is the permeability of the unfilled material; a is 
the aspect ratio of the filler panicles; X is the volume fraction of the filler particles in 
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the coating. Cussler's theoretical curves for fillers with aspect ratios of 25, 50, 75, 
and 100 are present on the graph. Fig. 1 shows the experimental data points for the 
barrier coating mixtures of Examples 1-2 below. Effective aspect ratios can be 
estimated from the position of the data relative to the theoretical curves. 

Detailed Description of the Invention 

The present invention fills the unmet need in the art of barrier coatings by 
providing barrier coating mixtures which reduce the gas, vapor or chemical 
permeability of substrates. The coated articles, as well as free-standing films and 
membranes produced by these barrier coating mixtures are also provided by the 
invention. 

/. Definitions 

As used herein, the term "mixture" or "coating mixture" is interpreted 
to include true aqueous solutions, as well as colloidal dispersions, suspensions, 
emulsions and latexes as they are conventionally defined. For example, by "colloidal 
dispersion or latex" is meant any dispersion or suspension of particles in water, the 
particles being of a size greater than molecular scale, e.g., about 0.001 to about 0.1 
micron. An emulsion generally contains particles of about 0.05 to 1 .0 microns in 
water. A "suspension" generally contains particles of greater than 1 .0 micron in 
water. 

A "barrier coating mixture" as used herein is meant an aqueous mixture 
containing dissolved or suspended solids and which is used to apply said solids to a 
substrate. According to this invention, once the "coating mixture" is dried, it is 
referred to as a "dried coating" or a "film". 

The term "vapor barrier" implies a barrier to a liquid and its vapor. 
Conventionally, a vapor is the gas in equilibrium with a liquid at atmospheric pressure. 
For simplicity, as used herein, the term "vapor barrier" can be interpreted to mean a 
barrier to gases and chemicals as well as traditionally defined vapors. 

The term "gas barrier" includes a barrier to oxygen, nitrogen, carbon 
dioxide and other gases. 
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"Chemical barrier" includes a barrier to the migration or blooming of a 
molecule from one substrate to another or out of one substrate to that substrate's 
surface. 

The term "substrate" or "article" coated by these coatings include, 
without limitation, polymeric films and sheets, rigid and semi-rigid containers, roofing 
materials, electrical appliances, industrial materials, flexible materials, elastomeric and 
highly elastic materials, such as rubber, and other surfaces. . 

The term "aspect ratio" is a characteristic of every platelet material in 
solid form. Aspect ratio is the product of the lateral dimension of a platelet filler 
particle, e.g., mica flake, divided by the thickness of the platelet. "High aspect ratio" 
refers to a platelet filler whose lateral dimension divided by thickness is greater than 
25. The aspect ratio of any filler is an inherent property of the selected filler. For 
example, MICROLITE® 963++ aqueous vermiculite solution [W. R. Grace] has a 
characteristic aspect ratio of about 10,000 to about 30,000, or dimensions of 10-30 
|imx 10A. 

Intercalation is defined as the state of a coating composition in which 
polymer is present between each layer of a platelet filler. Intercalation can be defined 
by the detection of an X-ray line, indicating a larger spacing between vermiculite 
layers than in the original mineral. "Exfoliation" is defined for layered fillers as the 
complete separation of individual layers of the original particle, so that polymer 
completely surrounds each particle. Desirably so much polymer is present between 
each platelet, that the platelets are randomly spaced. No X-ray line appears because 
of the random spacing of exfoliated platelets. In some circumstances, the filler can 
exfoliate when dispersed in an aqueous or non-aqueous medium. This would result in 
a higher aspect ratio than that of a solid particle before dispersion. 

The term "effective aspect ratio" relates to the behavior of the platelet 
filler when incorporated into a binder. The platelet may not exist in a single platelet 
formation, but in many forms, such as a bundle of 10-50 platelets or hundreds of 
platelets, referred to as agglomerates. If the platelets are not in the single layer form, 
the aspect ratio of the entire bundle or agglomerate is much lower than that of the 
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single layer particle. Therefore, the aspect ratio of the particles in a binder is referred 
to as an effective aspect ratio. The effective aspect ratio is determined by plotting the 
experimental data versus theoretical model, such as described by E. L. Cussler et al 9 L 
Membrane ScL 38:161-174 (1988). A graph of reduction in permeability versus the 
5 volume % of filler in the binder generates theoretical curves for each effective aspect 
ratio. The graph predicts an effective aspect ratio for the experimental data. See Fig. 
1. 

//. The Barrier Coating Mixture 

A barrier coating mixture according to this invention is an aqueous 

10 mixture, i.e., a liquid, which includes, (a) a polymer present in the mixture at between 
about 0.25 to 28% by weight; and (b) a dispersed layered filler with an aspect ratio 
greater than 25 present in said mixture at between about 0.25 to about 10% by 
weight. The solids content of this liquid mixture is less than about 29%, and can 
range as low as about 5%. 

15 Preferably the polymer is present in said mixture when dried at a 

weight percent of at least about 35%. The filler is preferably present in said mixture 
when dried at greater than about 5% by weight. The dried coating, in which the filler 
preferably exhibits an effective aspect ratio of greater than about 25, reduces the gas, 
vapor or chemical permeability greater than 5-fold that of the dried, unfilled polymer 

20 alone. Preferably, the effective aspect ratio of the dried coating is greater than about 
50, and even greater than about 75. These barrier coating mixtures result in 
coatings/films with reductions in permeability of up to about 85X relative to the 
unfilled polymer. These results are substantially higher than the prior art on other 
platelet filled barrier coatings. 

25 The barrier coating mixtures of this invention are characterized by a 

balancing of several critical features, i.e., appropriate dispersion of the filler in the 
non-elastomeric polymer, orientation of the filler platelets in the non-elastomeric 
polymer, as well as high aspect ratio of the filler, in order to achieve the desired 
permeability reductions in the dried barrier coating. The barrier coating mixture of 

30 this invention desirably contains an unusually low solids content, i.e., between about 
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1% and about 29% solids. A more desirable range of solids content is between about 
5% to about 17 % solids. The solids content is an important consideration in the 
barrier coatings compositions and performance of the dried coatings because the 
solids content effects the dispersion of the high aspect ratio filler. If high total solids 
content is used in the barrier coating composition, one would not achieve well 
dispersed filler, e.g., vermiculite, and the permeability reductions characteristic of the 
coatings of this invention, and reported in the examples and Fig. 1 herein, are not 
achieved. Thus, in this invention, the solids content of the mixture (less than about 
29%) is maintained unexpectedly lower than that typically used in the coatings 
industry in order to maintain good dispersion and achieve high reduction in 
permeability in the dried coating. Particularly, the preferred range of solid content (5- 
17%) is not predicted by the prior art teachings concerning barrier coatings 
formulations. 

The unusually low solids contents described in barrier coatings 
containing non-elastomeric polymers may be altered for other formulations of barrier 
coatings of this invention taking into account changes in electrolyte concentration, 
surfactants, grade and composition of vermiculite or other filler, and grade and 
composition of polymer in an aqueous carrier as described herein. 

A. The Non-Elastomeric Polvmer 

Polymers useful in forming coating mixtures of this invention 
include non-elastomeric polymers selected generally from among many classes. The 
selected polymers may be crosslinkable polymers. Such polymers may also be curable 
polymers, partially cured polymers or uncured polymers. Such polymers include, 
without limitation, acetal for example, polyoxymethylene; acrylonitrile, for example, 
polyacrylonitrile (PAN); acrylic resins, such as acrylonitrile-methyl acrylate 
copolymer (AMA); and cellulosic plastic, for example, cellophane film. 

Fluoroplastic polymers, for example, ethylene-chlorotrifluoro- 
ethylene copolymer (ECTFE), ethylene-tetrafluoroethylene copolymer (ETFE), 
fluorinated ethylene-propylene copolymer (FEP), fluorinated polyethylene (FPE), 
perfluoroalkoxy resin (PFA), polychlorotrifluoroethylene (CTFE), 
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polytetrafluoroethylene (TFE), polyvinyl fluoride (PVF), and polyvinylidine fluoride 
(PVDF) may also be useful. Other polymers useful in the coating mixture include 
ionomer, parylenes, such as polyparaxylylene; polyamides, such as nylon, amorphous 
nylon, nylon 6, nylon 66, nylon 6/66, nylon 66/610, nylon MXD6; polycarbonates 
5 (PC); polyesters, such as polybutylene terephthalate (PBT), polyethylene naphthalate 
(PEN), polyethylene terephthalate (PET), glycol modified polycyclohexylenedi- 
methylene terephthalate (PCTG), polycyclohexylenedimethyl ethylene terephthalate 
(PETG), and liquid crystal polymer (LCP). Also useful are polyimides, and 
polyolefins, e.g., polyethylene (PE), low density polyethylene (LDPE), linear low 
10 density polyethylene (LLDPE), ultra low density ethylene-octene copolymer 

(ULDPE), medium density polyethylene (MDPE), high density polyethylene (HDPE), 
ethylene-alpha olefin copolymer (POP), ethylene-vinyl acetate (EVA), ethylene-vinyl 
alcohol copolymer (EVOH), polyethylene-acrylic acid copolymer (EAA), 
polyethylene-ionomer copolymer (PE-ionomer), polypropylene copolymer (PP 
15 copolymer), polybutylene, and polymethylpentene (PMP). 

Still other polymers useful in the coating solutions of the 
invention include polyphenylene sulfide (PPS); polysulfone (PSO); poly(vinyl alcohol) 
(PVOH); styrenic resin, e.g., acrylonitrile-butadiene-styrene copolymer (ABS), 
acrylonitrile-styrene-acrylate copolymer (ASA), polystyrene (PS), general purpose 
20 polystyrene (GPPS), impact resistance polystyrene (IPS), styrene-acrylonitrile 

copolymer (SAN), styrene-butadiene block copolymer. Vinyl resins, such as polyvinyl 
chloride (PVC), polyvinyl chloride-polyvinylidine chloride copolymer (PVC-PVDC), 
polyvinylidene chloride (PVDC) may be used. Other such polymers include plastic 
alloys, e.g., polyethylene/polystyrene alloy (PE/PS); epoxy resins; and polypyrrole. 
25 Preferably, the selected polymer is present in the dried coating 

mixture at a minimum of about 35% by weight of the dried compositions. The 
selected polymer is desirably water-soluble or capable of forming a solution, 
dispersion, latex or emulsion in water. Specifically exemplified below is a coating 
mixture of the invention employing as the water-soluble polymer poly(vinyi alcohol). 
30 Many suitable PVOH polymers exist of varying viscosities and molecular weights; one 
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of skill in the art may select the appropriate PVOH for the coating mixture based on 
the selection and weight percentages of the selected filler. 
B. The Filler 

The coating mixtures of this invention as described above also 
include a dispersed layered filler which, upon mixture, has an inherently high aspect 
ratio, which can range from about 25 to as high as about 30,000. The presently 
preferred filler is vermiculite. More particularly, a desirable vermiculite is 
MICROLITE® 963-h- water-based vermiculite dispersion (W.R. Grace) [see, EP 
Application No. 601,877, published June 15, 1994] which is a 7.5% by weight 
aqueous solution of dispersed mica. One novel aspect of the mixtures of the present 
invention is the effective aspect ratio of the selected filler in the dried coating. 
According to this invention, in the dried coating, the filler remains substantially 
dispersed, thereby having a "high effective aspect ratio", as shown in Fig. 1. Fig. 1 
assumes high levels of orientation. The effective aspect ratio of the filler in the 
compositions of this invention is greater than 25 and preferably greater than about 50, 
although higher ratios may also be obtained. In the coating mixtures (the liquid), the 
layered filler is present at between about 0.25 to about 10% by weight of the total 
mixture. In the dried coatings of this invention, the layered filler is present at a 
minimum of about 5% by weight of the dried coating. 

In contrast to prior art coating mixtures in which high aspect 
ratio materials are employed and less than 5-fold reductions in permeability are 
achieved compared to the unfilled polymer, the compositions of the present invention, 
when dried, retain the filler in well-dispersed form, resulting in a high effective aspect 
ratio of the dried coating, and greatly increased reduction in permeability, as 
illustrated in Fig. 1. 

MICROLITE vermiculite is the preferred filler because of its 
very high aspect ratio. The vermiculite plates have an average lateral size of between 
10 and 30 microns. The plates are largely exfoliated in water, and thus their thickness 
is 1-2 nm. The aspect ratio of the filler in water dispersion is an average of 10,000- 
30,000. It is clear that many plates reassemble during the coating and drying process 
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of the present invention, thus reducing the effective aspect ratio achieved in the final 
coating. However, it is a great advantage to start with as large an aspect ratio as 
possible. Thus, the platelet filler selected for use in the present invention must have an 
aspect ratio greater than 25, and preferably, much greater than 25, e.g., 10,000 or 
higher. 

Although MICROLITE 963-h- vermiculite (W. R Grace) is 
preferred, good results may also be achieved with less exfoliated grades of 
MICROLITE vermiculite (i.e., grades 963, 923, and 903). Other layered silicates are 
also useful in the barrier coatings and films of this invention. The effectiveness of 
other silicates in the barrier coating of this invention depends upon the lateral size of 
the platelets, the degree of exfoliation in water, and the degree to which they 
reassemble to form larger particles during the coating and drying process. Examples 
of other layered silicates include bentonite, vermiculite, montmorillonite, nontronite, 
beidellite, volkonskoite, hectorite, saponite, laponite, sauconite, magadiite, kenyaite, 
ledikite and mixtures of the above silicates. The selection and use of other known 
silicates which have properties similar to those of MICROLITE venniculite, as well as 
sufficiently high aspect ratios, are expected to be obvious to one of skill in the art 
following the teachings of this invention. 

C. The Plasticizer 

Optional ingredients of the coating mixture include a plasticizer 
other than water. When present, the plasticizer in the dried coating is in a ratio of 1.5 
parts by weight polymer to 1 part by weight plasticizer. Plasticizers may readily be 
selected by those of skill in the art of barrier coatings. However, desirably, when the 
polymer selected is PVOH, plasticizers suitable for the preferred polymer PVOH may 
include, without limitation, polyethylene glycol (PEG), ethylene glycol, diethylene 
glycol, triethylene glycol, glycerine, trimethylol propane, neopentyl glycol, 
triethanolamine, and ethoxylated phosphates. A commercially available plasticizer 
employed in the examples below is glucose [Sigma-Aldrich]. 
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D. Surfactants and Other Additives 

Coating mixtures of this invention also contain at least one or 
more than one suitable surfactant to reduce surface tension. Surfactants include 
materials otherwise known as wetting agents, anti-foaming agents, defoaming agents, 
emulsifiers, dispersing agents, leveling agents etc. Surfactants can be anionic, cationic 
and non-ionic, and many surfactants of each type are available commercially. A 
suitable surfactant for inclusion in these compositions possesses a critical micelle 
concentration sufficiently low to ensure a dried coating in which the barrier properties 
are uncompromised by residual surfactant. Preferably, the surfactant(s) useful in the 
methods and solutions of this invention are nonionic, particularly useful with a highly 
charged filler, such as vermiculite. Increase in ionic concentration of the compositions 
containing vermiculite, such as by the addition of a base to adjust pH, e.g., LiOH, 
NH 4 OH, and NaOH, can cause agglomeration of the filler, which adversely affects 
permeability reduction. 

Embodiments of this invention include surfactants, such as a 
wetting agent. A desirable surfactant employed in the examples below is the non-ionic 
siloxane-based, Silwet® L-77 wetting agent [OSI Specialties, Inc.], among others. 
Other suitable surfactants may also be selected. The amount and number of 
surfactants added to the coating solution or composition will depend on the particular 
surfactant(s) selected, but should be limited to the minimum amount of surfactant that 
is necessary to achieve wetting of the substrate while not compromising the 
performance of the dried coating. For example, typical surfactant amounts can be less 
than or equal to about 15% by weight of the dried coating. 

Similarly, other optional components of the coating mixture 
include conventional agents to adjust pH to between about 8 to about 1 1, such as 
NH 4 OH, NaOH or LiOH, provided that care is taken to avoid agglomeration (as 
discussed above). 
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E. The Carrier Liquid 

The coating mixtures of this invention are preferably aqueous 
based mixtures. However, combinations of water with an organic carrier or organic 
solvent additives, may also be used as the carrier liquid. 

F. Embodiments of Barrier Mixtures 

In one preferred embodiment, a coating mixture of this 
invention has a solids content of about 6% solids by weight, and contains in its dried 
state, about 41% by weight of the polymer, about 24% by weight of the filler; about 
25% by weight of a plasticizer, and about 10% by weight of a surfactant. Examples 
of coating mixtures according to this embodiment are described in Example 1 
(wherein the polymer is PVOH; the filler, vermiculite; the plasticizer, glucose and the 
surfactant, Silwet® L-77) and in Example 2 (wherein the polymer is a terpolymer 
consisting of poly(vinylbutyral), poly(vinylacetate) and poly(vinylalcohol) with the 
same filler, surfactant and plasticizer). As one preferred embodiment, the coating 
mixture comprises in its dried state at least about 35% by weight of the selected 
polymer, e.g., PVOH, and at least 5% by weight of the layered filler. These barrier 
coatings results in reductions in permeability of up to about 85X relative to the 
unfilled polymer. These results are substantially higher than the prior art on other 
platelet filled barrier coatings. See, e.g., Examples 1 and 2. 
Ill The Coated Article 

Once prepared as described in detail in Examples 1 and 2 below, the 
coating mixtures may be applied to a suitable substrate to reduce the permeability of 
the substrate to gas, vapor or chemical. The dried coating, in which the filler exhibits 
an effective aspect ratio of greater than about 25, reduces the gas, vapor or chemical 
permeability greater than 5-fold that of the dried, unfilled polymer alone. Preferably, 
the effective aspect ratio of the dried coating is greater than about 50, and even 
greater than about 75. 

Desirable substrates for coating with the coating mixtures of this 
invention may be rigid or semi-rigid substrates, suitable for coating with a mixture of 
the invention containing a non-elastomeric polymer. Such substrates can be 
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automobiles or industrial parts, packaging materials, appliance surfaces, electrical 
parts and wires, roofing materials, etc. Possibly these coating mixtures may be 
employed to coat more flexible substrates as well. 

The articles to be coated by the compositions of the invention may be 
previously untreated or may have a variety of pre-treatments to their surfaces, 
depending upon the identity and utility of the article. For example, the article may 
have on at least one side a heat seal layer. Such heat seal layers may be made of an 
ethylene-propylene copolymer or ethylene-propylene-butylene terpolymer. Thus, the 
coating solution is applied on the surface of the heat seal layer. Alternatively, the 
substrate or article may comprise a protective topcoat layer, such as polyurethane or 
Teflon®-type materials [DuPont] for abrasion resistance, etc. Such topcoats may be 
selected by one of skill in the art. The coatings of this invention may be applied over 
or under the topcoat layer. 

Alternatively, the coating mixtures of the invention may be applied to a 
releasable mold in order to form a film, rather than a coated article. The film thus 
consists of a dried mixture of the above-described polymer and greater than 2% by 
volume of the layered filler having an effective aspect ratio greater than 25, preferably 
greater than 50. The film, which may be in the form of a membrane, may itself be 
employed as a vapor, gas or chemical barrier layer for use in various laboratory 
procedures, or as a glove or balloon material. Such a dried, free-standing film or 
membrane, is characterized by a reduction in gas, vapor or chemical permeability 
greater than 5-fold the permeability of a film formed of the dried polymer alone. 

To form the coated article or free-standing film of this invention, the 
coating mixtures of this invention may be applied to the selected surface or article by 
techniques including, without limitation, roll coating, spray coating, brush coating and 
dip coating techniques. Roll coating techniques include, but are not limited to, rod, 
reverse roll, forward roll, air knife, knife over roll, blade, gravure and slot die coating 
methods. General descriptions of these types of coating methods may be found in 
texts, such as Modern Coating and Drying Techniques, (E. Cohen and E. Gutoff, eds; 
VCH Publishers) New York (1992) and Web Processing and Converting Technology 
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and Equipment, (D. Satas, ed; Van Nostrand Reinhold) New York (1984). Three 
dimensional articles may preferably be coated by the techniques which include, but are 
not limited to, spray coating or dip coating. The method of application is not a 
limitation on the present invention, but may be selected from among these and other 
well-known methods by the person of skill in the art. However, the coating must be 
applied so that drying takes place on the substrate and not in the air (i.e. powder 
coating). If drying takes place during spraying or other means of application, 
agglomeration may occur. 

The coating mixtures may be applied to a substrate or a mold at any 
desired thickness, depending on the substrate, the purpose for which the coating is 
being applied and the ultimate use of the coated article. Thus, for example, the coating 
mixtures of the present invention may be applied to an article or substrate by the 
methods described above to form a dried coating of a thickness between about 0.1 jim 
to about 100 urn of dry coating. Such adjustments are well within the skill of the art 
[see, e.g., Canadian Patent No. 993,738]. 

After coating, the coated article or mold may be dried at a selected 
temperature, e.g., room temperature or greater than room temperature. The selection 
of the drying temperature, relative humidity, and convective air flow rates depends on 
the desired time for drying; that is, reduced drying times may be achieved at elevated 
air temperatures, lower relative humidity and higher rates of air circulation over the 
drying coating surface. After drying, the exfoliated silicate filler particles are oriented 
within the non-elastomeric polymer (solution, emulsion, etc.) to a high degree parallel 
to each other and to the substrate surface. One of skill in the art can readily adjust the 
drying conditions as desired. The performance of the dried barrier coating is 
insensitive to drying temperatures over the range 25-125'C. 

The dried coatings exhibit a surprising reduction in permeability 
compared to the prior art and particularly compared to unfilled polymers. As 
evidenced in the Examples below, reductions in permeability caused by the dried 
coatings of this invention are shown to be up to 85 fold relative to the unfilled 
polymers alone. The evaluation of permeability of the coatings of the present 
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invention are determined using the following parameters. The oxygen transmission 
rate (OTR) of the dried coating on the article, or the free-standing film, is generally 
measured using conventional apparatus, such as a MOCON® OX-TRAN 2/20 
module. OTR units are cc/m 2 day at 1 atmosphere, 0% relative humidity at 30°C. 
The permeability of the coating is calculated by multiplying the OTR and coating 
thickness. Permeability units are cc mm/m 2 day atmosphere at 0% relative humidity at 
30°C. If the coating is on a known substrate, the permeability of the known substrate 
is subtracted out using the following equation: 

Permeability of the barrier coating = X l /[(l/OTR)-(X 2 /P X2 )], where X r 
is barrier coating thickness; X 2 is substrate thickness and Pjq is permeability of the 
substrate. The reduction in permeability from the unfilled polymer is calculated by 
dividing the permeability of the unfilled polymer by the permeability of the filled 
polymer. Reduction in permeability is unitless. 

The invention is illustrated by the following examples, which are not intended 
to limit the scope of this invention. 

EXAMPLE 1: Barrier Coating Containing PVOH As Polymer 

An exemplary aqueous polymeric barrier coating solution according to this 
invention is prepared as follows, in which the polymer is poly(vinyl)alcohol 
(MW=6 1,000) and the filler is Microlite® dispersed mica. 

In a 125 mL jar, 1.0 g of Mowiol® poly(vinyl) alcohol [Hoechst] is heated in 
30 g water. This mixture is heated in a water bath while stirring on a stir plate until 
the PVOH is dissolved in the water. The resulting PVOH solution is cooled to room 
temperature and the following components are added to it: 7.8 g Microlite® .963++ in 
a 7.5% aqueous dispersion [W. R. Grace], 0.24 g Silwet® L-77 wetting agent [OSI 
Specialties, Inc.] and 0.6 g glucose [Sigma- Aldrich]. The resulting solution is stirred 
on a stir plate at room temperature for five minutes or until a homogeneous solution is 
achieved. This liquid coating mixture has a 6.1% solids content. 

After this coating solution is applied to a butyl rubber substrate and allowed to 
dry, the coating contains 41% by weight PVOH, 24% by weight filler, 25% by weight 
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glucose and 10% by weight wetting agent. The oxygen transmission rate (OTR) is 
measured using a MOCON® OX-TRAN 2720 module. The OTR is 4.3 cc/m 2 day @ 
1 atmosphere, 0% RH, 30°C. Permeability of the composition is 0.025 cc mm/m 2 day 
atmosphere @ 0% RH, 30°C. The reduction in permeability of this coating is 41 
5 times the reduction in permeability of the polymer alone. 

EXAMPLE 2: Barrier Coating with Terpolvmer 

Another exemplary aqueous polymeric barrier coating solution according to 
this invention is prepared as follows, in which the polymer is 5% by weight of a 
terpolymer consisting of poly(vinylbutyral) (PVB) and poly(vinylacetate) (P VA) and 

10 poly(vinylalcohol), and the filler is Microlite® dispersed mica. 

In 125 mL jar, 1.0 g of Mowiol® terpolymer of PVB/PVA/PVOH (Hoechst) 
and 30g of distilled water are mixed and heated in a water bath while stirring on a stir 
plate until dissolved. The terpolymer solution is cooled and 7.8 g of Microlite® 
963++ (7.5% solution, W.R. Grace), 0.24 g of Silwet L-77 (OSI Specialties, Inc.) and 

15 0.6 g of glucose (Sigma- Aldrich) are added. The resulting solution is stirred on a stir 
plate. This solution has a 6. 1% solids content. 

After this coating solution is applied to a butyl rubber substrate and allowed to 
dry, the resulting coating has 41% by weight of the terpolymer, 24% by weight of the 
vermiculite, 25% by weight glucose, and 10% by weight of the Silwet L-77 

20 surfactant. The oxygen transmission rate (OTR) is measured using a MOCON® OX- 
TRAN 2/20 module. The OTR is 1.2 cc/m 2 day @ 1 atmosphere, 0% RH, 30°C. 
Permeability of the composition is 0.012 cc mm/m 2 day atmosphere @ 0% RH, 30°C. 
The reduction in permeability of this coating is 85 times the reduction in permeability 
of the terpolymer alone. 

25 Numerous modifications and variations of the present invention are included 

in the above-identified specification and are expected to be obvious to one of skill in 
the art. Such modifications and alterations to the compositions and processes of the 
present invention are believed to be encompassed in the scope of the claims appended 
hereto. 
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WHAT IS CLAIMED IS: 

1 . An aqueous barrier coating mixture comprising: 

(a) between about 0.25 to 28% by weight of a non-elastomeric 

polymer; and 

(b) between about 0.25 to about 10% by weight of a dispersed 
exfoliated layered platelet filler having an aspect ratio greater than 25; 

wherein the solids content of said mixture is less than about 29%, and 
wherein said mixture, when dried, forms a coating that provides a reduction in gas, 
vapor or chemical permeability greater than 5-fold that of said dried polymer alone. 

2. The mixture according to claim 1, wherein said solids content is 
between about 5% and 17%. 

3. The mixture according to claim 1, which when dried, comprises 

(a) said polymer present in said dried mixture at a weight percent of at 
least about 35%; and 

(b) said dispersed layered filler present in said dried mixture at greater 
than about 5% by weight, and imparting to said dried mixture an effective aspect ratio 
greater than 50. 

4. The mixture according to claim 3 wherein said effective aspect ratio is 
greater than 75. 

5. The mixture according to claim 1 wherein said polymer is selected 
from the group consisting of acetal, acrylonitrile, acrylic resins, cellulosic plastic, 
fluoroplastic polymers, ionomer, parylenes, polyamides, polycarbonates, polyesters, 
polyimides, polyolefins, polyphenylene sulfide, polysulfone, poly(vinyl alcohol) 
styrenic resin, vinyl resins, plastic alloys, epoxy resins, and polypyrrole. 
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6. The mixture according to claim 5 herein said polymer is selected from 
the group consisting of crosslinkable polymers. 

7. The mixture according to claim 5 wherein said polymer is water 

soluble. 

8. The mixture according to claim 7 wherein said polymer is selected 
from the group consisting of poly(vinyl) alcohol (PVOH), a co-polymer comprising 
PVOH; and a terpolymer comprising PVOH. 

9. The mixture according to claim 8 wherein said terpolymer consists of 
poly(vinylbutyral), poly(vinylacetate) and PVOH. 

10. The mixture according to claim 1 wherein said layered filler is a 
phyllosilicate. 

1 1 . The mixture according to claim 10 wherein said phyllosilicate is 
selected from the group consisting of bentonite, vermiculite, montmorillonite, 
nontronite, beidellite, volkonskoite, hectorite, saponite, laponite, sauconite, magadiite, 
kenyaite, ledikite and admixtures thereof. 

12. The mixture according to claim 1 1 wherein said layered filler is 
vermiculite. 

13. The mixture according to claim 9 which comprises in its dried state 
between about 35% to about 95% by weight PVOH and between 5% to about 55% 
by weight said layered filler. 
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14. The mixture according to claim 1 which comprises in its dried state a 
plasticizer other than water, which is present in a ratio of 1.5 parts by weight polymer 
to 1 part by weight plasticizer. 

15. The mixture according to claim 14 wherein said plasticizer is selected 
from the group consisting of glucose, polyethylene glycol, ethylene glycol, diethylene 
glycol, triethylene glycol, glycerine, trimethylol propane, neopentyl glycol, 
triethanolamine and ethoxylated phosphates. 

1 6. The mixture according to claim 1 comprising a surfactant. 

17. An aqueous barrier coating mixture comprising: 

(a) between about 0.25 to 28% by weight of a non-elastomeric 
polymer, poly(vinyl)alcohol (PVOH); 

(b) between about 0.25 to about 10% by weight of a dispersed 
exfoliated layered platelet filler, vermiculite, having an aspect ratio greater than 25; 

(c) a plasticizer, glucose; and 

(d) a surfactant, 

wherein the solids content of the aqueous mixture is about 6%, and 
wherein said mixture, when dried, forms a coating comprising about 41% by weight 
PVOH, about 24% by weight of vermiculite; about 25% by weight of glucose; and 
about 1 5% by weight of said surfactant, wherein said coating provides a reduction in 
gas, vapor or chemical permeability greater than 5-fold that of said dried polymer 
alone. 

18. An aqueous barrier coating mixture comprising: 

(a) between about 0.25 to 28% by weight of a terpolymer 
consisting of poly(vinylbutyral), poly(vinylacetate) and poly(vinylalcohol); 

(b) between about 0.25 to about 10% by weight of a dispersed 
exfoliated layered platelet filler, vermiculite, having an aspect ratio greater than 25; 
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(c) a plasticizer, glucose; and 

(d) a surfactant, 

wherein the solids content of the aqueous mixture is about 6%, and 
wherein said mixture, when dried, forms a coating comprising about 41% by weight 
said terpolymer, about 24% by weight of vermiculite; about 25% by weight of 
glucose; and about 15% by weight of said surfactant, wherein said coating provides a 
reduction in gas, vapor or chemical permeability greater than 5-fold that of said dried 
polymer alone. 

19. A coated article comprising a substrate having on its surface a dried 
barrier coating, said coating comprising a polymer and greater than 2% by volume of 
a layered filler having an effective aspect ratio greater than 25. 

20. A coated article comprising a substrate having on its surface a dried 
coating formed by the coating mixture of any of claims 1-18. 

21 . The article according to claim 20 wherein said substrate is rigid. 

22. The article according to claim 20 wherein said substrate is flexible, 
highly elastic or elastomeric. 

23 . A film comprising a dried mixture of a polymer and greater than 2% by 
volume of a layered filler having an effective aspect ratio greater than 25, wherein said 
film is characterized by a reduction in gas, vapor or chemical permeability greater than 
5-fold the permeability of a film formed of said polymer alone. 

24. A film formed by a dried coating mixture of any of claims 1-18. 

25. The film according to claim 24 which is in the form of a membrane. 
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26. A method of reducing the gas, vapor or chemical permeation of a 
coated substrate, the method comprising: 

coating said substrate with an aqueous barrier coating mixture having a 
solids content of less than about 29% and comprising 

(a) between about 0.25 to 28% by weight of a non- 

elastomeric polymer, and 

(b) between about 0.25 to about 10% by weight of a 
dispersed exfoliated layered platelet filler having an aspect ratio greater than 25; and 

drying said mixture on said substrate; wherein said mixture, when 
dried, forms a coating that provides a reduction in gas, vapor or chemical permeability 
greater than 5-fold that of said dried polymer alone. 

27. The method according to claim 26, wherein said solids content is 
between about 5% and 17%. 

28. The method according to claim 26, wherein said mixture, when dried, 
comprises 

(a) said polymer present at a weight percent of at least about 35%; and 

(b) said dispersed layered filler present at greater than about 5% by 
weight, and imparting to said dried mixture an effective aspect ratio greater than 50. 

29. The method according to claim 28 wherein said effective aspect ratio is 
greater than 75. 

30. The method according to claim 26 wherein said polymer is selected 
from the group consisting of acetal, acrylonitrile, acrylic resins, cellulosic plastic, 
fluoroplastic polymers, ionomer, parylenes, polyamides, polycarbonates, polyesters, 
polyimides, polyolefins, polyphenylene sulfide, polysulfone, poly(vinyl alcohol) 
styrenic resin, vinyl resins, plastic alloys, epoxy resins, and polypyrrole. 
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3 1 . The method according to claim 30 wherein said polymer is selected 
from the group consisting of crosslinkable polymers. 

32. The method according to claim 30 wherein said polymer is water 

soluble. 

33. The method according to claim 32 wherein said polymer is selected 
from the group consisting of poly(vinyl) alcohol (PVOH), a co-polymer comprising 
PVOH; and a terpolymer comprising PVOH. 

34. The method according to claim 33 wherein said terpolymer consists of 
poly(vinylbutyral), poly(vinylacetate) and PVOH. 

35. The method according to claim 26 wherein said layered filler is a 
phyllosilicate. 

36. The method according to claim 35 wherein said phyllosilicate is 
selected from the group consisting of bentonite, vermiculite, montmorillonite, 
nontronite, beidellite, volkonskoite, hectorite, saponite, laponite, sauconite, magadiite, 
kenyaite, ledikite and admixtures thereof. 

37. The method according to claim 36 wherein said layered filler is 
vermiculite. 

38. The method according to claim 34 wherein said coating mixture 
comprises in its dried state between about 35% to about 95% by weight PVOH and 
between 5% to about 55% by weight said layered filler. 



WO 98/56861 



PCT/US98/12152 



23 

39. The method according to claim 26 wherein said coating mixture 
comprises in its dried state a plasticizer other than water, which is present in a ratio of 
1.5 parts by weight polymer to 1 part by weight plasticizer. 

40. The method according to claim 14 wherein said plasticizer is selected 
from the group consisting of glucose, polyethylene glycol, ethylene glycol, diethylene 
glycol, methylene glycol, glycerine, trimethylol propane, neopentyl glycol, 
triethanolamine and ethoxylated phosphates. 

41 . The method according to claim 26 wherein said mixture comprises a 
surfactant. 

42. A method of reducing the gas, vapor or chemical permeation of a 
coated substrate, the method comprising: 

coating said substrate with an aqueous barrier coating mixture having a 
solids content of about 6% and comprising: 

(a) between about 0.25 to 28% by weight of a non- 
elastomeric polymer, poly(yinyl)alcohol (PVOH); 

(b) between about 0.25 to about 10% by weight of a 
dispersed exfoliated layered platelet filler, vermiculite, having an aspect ratio greater 
than 25; 

(c) a plasticizer, glucose; and 

(d) a surfactant; and 

drying said mixture on said substrate, wherein said mixture, when 
dried, forms a coating comprising about 41% by weight PVOH, about 24% by weight 
of vermiculite; about 25% by weight of glucose; and about 15% by weight of said 
surfactant, wherein said coating provides a reduction in gas, vapor or chemical 
permeability greater than 5-fold that of said dried polymer alone. 
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43 . A method of reducing the gas, vapor or chemical permeation of a 
coated substrate, the method comprising: 

coating said substrate with an aqueous barrier coating mixture having a 
solids content of about 6% and comprising: 

(a) between about 0.25 to 28% by weight of a terpolymer 
consisting of poly(vinylbutyraI), poly(vinylacetate) and poly(vinylalcohol); 

(b) between about 0.25 to about 10% by weight of a 
dispersed exfoliated layered platelet filler, vermiculite, having an aspect ratio greater 
than 25; 

(c) a plasticizer, glucose; and 

(d) a surfactant; and 

drying said coating mixture on said substrate, wherein the solids 
content of the aqueous mixture is about 6%, and wherein said mixture, when dried, 
forms a coating comprising about 41% by weight said terpolymer, about 24% by 
weight of vermiculite; about 25% by weight of glucose; and about 15% by weight of 
said surfactant, wherein said coating provides a reduction in gas, vapor or chemical 
permeability greater than 5-fold that of said dried polymer alone. 
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